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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a propylene-ethylene copolymer composition and a process for 
producng the same. More particularly, it is concerned with a propylene-ethylene copolymer composition 
surtable for use as film for insulating oil-impregnated capacitors and also to a process for producino said 
composition. 

DE-A-33 28 260 discloses a resin composition comprising (a) 4 to 20 wt parts of polyethylene having a 
density of 0.940 g/cm* or more and (b) 96 to 80 wt. parts of propylene/a-olefine copolymer containing 
propylene of 70 wt. % or more and having a melting point of 150 or less, MI(a)/MI/(b) being * 07 
whereby metal vapor-deposited films having an impact strength, a heat sealing property, an adhesion to 
metal film and improved properties of the deposited film are obtained. Further, D1 teaches DreDarina 
unstretched films by T - die and tubular methods. 

GB-A-1 156 813 discloses propylene polymer blend compositions having improved clarity little or no 
tendency to blush, excellent impact and other desirable properties, which comprise combinations of 
propylene polymer (especially crystalline polypropylene), ethylene polymer, and substantially amorphous 
ethylene-propylene copolymers or such copolymers containing small amounts of polymerized dicvcloDen- 
tadiene. r 

Recent years have been the wide spread use of biaxially-stretched laminated film composed mainly of 
polypropylene (PP for short) and having a roughened surface on at least one side thereof, into the fields of 
electric, packaging, and printing industries. 

Among the applications of film with a roughened surface is film for insulating oil-impregnated capaci- 
tors. According to a recently proposed process, it is produced, for example, by the steps of forming by 
melt processing, a PP sheet with the /3-type crystalline structure from a raw material incorporated with a 
specific nucleating agent, and stretching the PP sheet, thereby roughening the film surface. 

In the fields of packaging and printing, there has been proposed a new process for producing film with 
a roughened surface by biaxially stretching a laminate film having, on at least one side thereof, a layer of 
propylene-ethylene copolymer composition. This process efficiently provides a film with a high haze value 
(ASTM D-1003), which is a measure to indicate the degree of surface roughness of film and with easiness 
of processing. 

PP films with a roughened surface should meet the following requirements, if they are to be used as a 
film for insulating oil-impregnated capacitors. 

(1) They should have a high breakdown voltage. 

(2) They should permit the insulating oil to infiltrate easily into the space between the dielectric material 
and the electrode surface. In other words, they should have a high haze value. 

(3) They should have high oil resistance for the insulating oil. 

Unfortunately, films obtained from the sheet with the /3-type crystalline structure do not meet these 
requirements, because they lack fine and uniform surface roughness, so that they do not have the desired 
40 surface roughness and also do not permit the rapid infiltration of insulating oil. 

By contrast, the biaxially stretched laminate film with a rough surface of propylene-ethylene copolymer 
layer, which is conventionally used in the fields of packaging and printing, has a high haze value and hence 
permits the rapid infiltration of insulating oil. However, such a laminate film is poor in oil resistance (or it 
contains a large amount of fraction which is extracted by insulating oil), because it has a low isotactic index 
(II for short), which is expressed in term of the residual amount remaining unextracted when extracted with 
boiling n-heptane for 10 hours. In addition, the tan « of insulating oil (measured according to JIS C2320 
80-C/p-xylene, 2 hr) and also the viscosity of insulating oil are increased, adversely affecting the 
performance of capacitors. 

50 SUMMARY OF THE INVENTION 

In order to solve the above-mentioned problems, the present inventors have diligently studied the 
production of a new film for insulating oil-impregnated capacitors from a propylene-ethylene copolymer 
composition, said film having a good oil resistance and an adequate degree of surface roughness. The 
55 results of their studies have led to the present invention. 
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DETAILED DESCRIPTION Or THE INVENTION 

Disclosed herein is a propylene-ethylene copolymer composition which comprises (a) 10 to 25 parts by 
weight of a first propylene-ethylene copolymer containing 90 wt% or more of ethylene and (b) 75 to 90 
parts by weight of a second propylene-ethylene copolymer containing 0.5 to 2.5 wt% of ethylene, the first 
copolymer having an intrinsic viscosity of ^ and the second copolymer having an intrinsic viscosity of n b , 
said intrinsic viscosities being defined by i? a - »? b 88 -0.2 to +1.2 dl/g. 

According to the process of the present invention, propylene and ethylene are copolymerized to give a 
first propylene-ethylene copolymer (a) containing 90 wt% or more of ethylene by using a stereoregular 
catalyst so that the copolymer (a) accounts for 10 to 25 parts by weight in the final copolymer composition, 
and then, propylene and ethylene are copolymerized to give a second propylene-ethylene copolymer (b) 
containing 0.5 to 2.5 wt% of ethylene so that the copolymer (b) accounts for 75 to 90 parts by weight in the 
final copolymer composition, the copolymerization being accomplished in such a manner that the first 
copolymer has an intrinsic viscosity of tj a and the second copolymer has an intrinsic viscosity of i? b , said 
intrinsic viscosities being defined by va'ib = -0 2 to +1.2 dl/g. 

The composition of the present invention can be produced in many ways. 

According to the first process, the first propylene-ethylene copolymer (a) containing 90 wt% or more of 
ethylene and the second propylene-ethylene copolymer (b) containing 0.5 to 2.5 wt% of ethylene are 
produced separately in such a manner that the first copolymer has an intrinsic viscosity of ij a and the 
second copolymer has an intrinsic viscosity of ij b , said intrinsic viscosities being defined by m-Vb = -0.2 to 
+ 1 .2 dl/g, and finally the two copolymers are mixed with each other. 

According to the second process, propylene and ethylene are copolymerized to give the first pro- 
pylene-ethylene copolymer (a) containing 90 wt% or more of ethylene and then, propylene and ethylene are 
copolymerized to give the second propylene-ethylene copolymer (b) containing 0.5 to 2.5 wt% of ethylene 
in the same polymerization system, the copolymerization being accomplished in such a manner that the 
first copolymer has an intrinsic viscosity of * a and the second copolymer has an intrinsic viscosity of *> b , 
said intrinsic viscosities being defined by n a - n b = -0.2 to +1.2 dl/g. 

According to the third process, propylene and ethylene are copolymerized to give the second 
propylene-ethylene copolymer (b) containing 0.5 to 2.5 wt% of ethylene and then, propylene and ethylene 
are copolymerized to give the first propylene-ethylene copolymer (a) containing 90 wt% or more of ethylene 
in the same polymerization system, the copolymerization being accomplished in such a manner that the 
first copolymer has an intrinsic viscosity of i> a and the second copolymer has an intrinsic viscosity of ^ 
said intrinsic viscosities being defined by i? a - i? b = -0.2 to + 1 .2 dl/g. 

The stereoregular catalyst used to produce the composition of the present invention is not specifically 
limited; it includes any catalyst that is used for the production of stereoregular propylene polymer. An 
example of such catalysts is composed of a transition metal catalyst and an organoaluminum compound. A 
preferred catalyst is composed of a titanium halide as the transition metal catalyst and an organoaluminum 
compound. The titanium halide is. for example, titanium trichloride which is prepared by reducing titanium 
tetrachloride with metallic aluminum, hydrogen, or organoaluminum. The titanium halide may be supported 
on a magnesium halide. 

In the case where the propylene-ethylene copolymer composition of the present invention is produced 
in the same polymerization system, the copolymerization may be accomplished, for example, by solvent 
polymerization which employs an inert hydrocarbon as the solvent, or by bulk polymerization which 
employs liquid propylene per se as the solvent. In the first step, copolymerization is performed by using the 
abovementioned stereoregular catalyst on a mixed gas of propylene and ethylene to give the first 
copolymer (a) in such a manner that the first copolymer accounts for 10 to 25 parts by weight in the final 
copolymer composition. The mixed gas is prepared such that the resulting copolymer contains 90 wt% or 
more of ethylene. In the next step, copolymerization is performed on a mixed gas of propylene and 
ethylene to give the second copolymer (b) in such a manner that the second copolymer accounts for 75 to 
90 parts by weight in the final copolymer composition. The mixed gas is prepared such that the resulting 
copolymer contains 0.5 to 2.5 wt% of ethylene. In this way there is obtained the desired copolymer 
composition in which the copolymer (a) and the copolymer (b) are joined to each other. 

The copolymerization is accomplished by adding a proper amount of a molecular weight modifier (e.g., 
hydrogen) so that the copolymer (a) and the copolymer (b) each have the desired molecular weight. The 
molecular weight is expressed in terms of intrinsic viscosity (dl/g) measured on a tetralin solution (0.1 g/100 
ml) at 135*C. The molecular weight should be controlled so that the two copolymers have the intrinsic 
viscosities of , a and , bi which are defined by , a - = -0.2 to + 1.2 dl/g. (The difference of * a and ,„ will be 
indicated by A»> hereinafter.) 
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The composition of the present invention may also be produced by mixing separately produced 
copolymer with each other instead of performing the above-mentioned copolymerization steps one after the 
other in the same system. In this case, the mixing is performed such that the ratio of copolymer (a) to 
copolymer (b) is 10-25 parts by weight to 75-90 parts by weight. 
5 Needless to say, the propylene-ethylene copolymer composition of the present invention may be mixed 
with any known stabilizers, antioxidants, hydrochloric acid scavenger, and other additives which are 
commonly used for polypropylene. 

The copolymer composition of the present invention is formed into film for insulating oil-impregnated 
capacitors by stretching the coextruded sheet. The coextrusion is accomplished such that the resulting 
to laminate sheet is composed of at least one layer of the copolymer composition and one layer of capacitor- 
grade PP in the ratio of from 1/20 to 1/4 by weight. 

According to the present invention, the first copolymer (a) is a propylene-ethylene copolymer containing 
90 wt% or more, preferably 95 wt% or more, and more preferably 99 wt% or more of ethylene, or an 
ethylene homopolymer. It accounts for 10 to 25 parts by weight, preferably 14 to 20 parts by weight, in the 
is total amount (100 parts by weight) of the propylene-ethylene copolymer composition. 

With an ethylene content lower than 90 wt%. the copolymer has a low II and hence is poor in oil 
resistance and tan 5. With the content of the copolymer (a) less than 10 parts by weight, the copolymer 
composition does not provide the roughened surface as desired. Conversely, with the content of the 
copolymer (a) exceeding 25 parts by weight, the copolymer composition is liable to cause fish-eyes (FE for 
20 short), and has an extremely roughened surface. Fish-eyes mean small globular masses having a diameter 
greater than 200 urn. The quality of 40-um thick cast film is evaluated in terms of the number of fish-eyes 
in an area of 600 cm 2 of the cast film. 

The copolymer (b) constituting the copolymer composition of the present invention is a propylene- 
ethylene copolymer containing 0.5 to 2.5 wt%, preferably 1.0 to 2.0 wt%, more preferably 1.2 to 1.7 wt% of 
25 ethylene. It accounts for 75 to 90 parts by weight, preferably 80 to 86 parts by weight in the copolymer 
composition. 

If the copolymer (b) contains less than 0.5 wt% of ethylene, the resulting propylene-ethylene copolymer 
composition does not provide films with rough surface as desired when it is laminated onto at least one side 
of a substrate sheet and then, the resulting laminate sheet is subjected to biaxial stretching. Such a 
30 laminated film does not permit sufficient impregnation with insulating oil when used as a dielectric material 
of insulating oil-impregnated capacitors. If the copolymer (b) contains more than 2.5 wt% of ethylene, the 
resulting laminate film permits sufficient impregnation with insulating oil, but the rough surface layer lacks 
oil resistance, which leads to an increase in tan 5. 

With the content of the copolymer (b) exceeding 90 parts by weight, the propylene-ethylene copolymer 
35 composition does not provide films of rough surface as desired. Conversely, with the content of the 
copolymer (b) less than 75 parts by weight, the propylene-ethylene copolymer composition is liable to 
cause fish-eyes and to provide an extremely roughened surface. 

What is important in the present invention is that the copolymers (a) and (b) have intrinsic viscosities of 
ri a and ij b whose difference Ai> is in the range of -0.2 to +1.2 dl/g. preferably +0.2 to +0.8 dl/g. With a Art 
40 smaller than -0.2, the copolymer composition does not provide the desired rough surface and is poor in the 
performance of insulating oil impregnation. Conversely, with a Ai» exceeding + 1 .2, the copolymer composi- 
tion provides an extremely roughened surface fish-eyes resulting from the copolymer (a). 

The intrinsic viscosities of the two copolymers are properly controlled so that the resulting copolymer 
composition has a melt index (Ml for short) in the range of 1.0 to 7.0 g/10 min. preferably 3.0 to 5.0 g/10 
45 min, measured according to ASTM D-1 238, 230 # C, 2.16 kg. 

With an Mi lower than 1.0 g/10 min, the copolymer composition has such a high molecular weight that it 
is not readily processed into film. Conversely, with an Ml higher than 7.0 g/10 min, the copolymer 
composition provides a film with insufficient surface roughness, yet with many fish-eyes. 

50 EXAMPLES 

The invention will be described in more detail with reference to the following examples. 
The copolymer composition of the present invention should have the physical properties in the range 
specified below. 
55 II : 90% or above 

FE : less than 50 per 600 cm 2 

Haze : 35 to 70% 

tan 5 : lower than 0.05% 
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Example 1 

A 200-liter SUS-27 autoclave was charged under nitrogen with 100 liters of heptane and 50 g of 
activated titanium trichloride (as a catalyst) and 80 g of diethyl aluminum chloride. The autoclave was 

5 further charged with a propylene-ethylene mixed gas (containing 99.5 wt% of ethylene) and hydrogen so 
that when the autoclave is heated to 55 *C (internal temperature), the internal pressure of the autoclave 
reached 7 bar (gauge pressure) and the concentration of hydrogen in the gas phase reached 65 vol%. The 
autoclave was continuously charged with the propylene-ethylene mixed gas and hydrogen while keeping the 
internal temperature of the autoclave at 55 *C, the internal pressure of the autoclave at 7 bar (gauge 

w pressure), and the concentration of hydrogen at 65 vol%. Polymerization was continued for 2.0 hours. This 
is the first polymerization operation to form the copolymer (a). 

The autoclave was completely purged of unreacted monomers, while the catalyst was kept active. The 
autoclave was charged again with a propylene-ethylene mixed gas (containing 1.5 wt% of ethylene) and 
hydrogen so that the internal pressure of the autoclave reached 2.5 bar (gauge pressure) and the 

75 concentration of hydrogen in the gas phase reached 4.2 vol%. The internal temperature of the autoclave 
was raised to 55 • C to start polymerization. The autoclave was continuously charged with the propylene- 
ethylene mixed gas and hydrogen while keeping the internal pressure of the autoclave at 2.5 bar (gauge 
pressure) and the concentration of hydrogen at 4.2 vol%. Polymerization was continued for 5.0 hours. This 
is the second polymerization operation to form the copolymer (b). 

20 The autoclave was charged with 20 liters of methanol to terminate polymerization. Upon purification and 
drying in the usual way, there was obtained 39 kg of polymer in powder form. 

The thus obtained polymer was found to contain the copolymer (a) and the copolymer (b) in the ratio of 
17:83 by weight according to the material balance calculated from the partial pressure of the monomers in 
each stage. The ethylene content in the copolymers (a) and (b) was 99.5 wt% and 1.5 wt%, respectively. 

25 When the first polymerization operation was over, a very small amount of polymer slurry was extracted 
from the autoclave through the lower side tube. The polymer slurry was placed in a large excess of 
methanol to precipitate solids. The solids were filtered and dried. Thus there was obtained a powdery 
polymer which is the copolymer (a). The intrinsic viscosity q a of the copolymer (a) was measured. When the 
second polymerization was over, the above-mentioned procedure was repeated to measure the intrinsic 

30 viscosity v ab of the copolymer composition. tj a was 2.25 dl/g and n ab was 1 .84 dl/g. The intrinsic viscosity ij b 
of the copolymer (b) was calculated as follows: 



r\ . - ti x (ratio of copolymer (a) by weight) 



ratio of copolymer (b) by weight 

1.84 - 2.25 x 0.17 

» 1.75 dl/g 

0.83 



Thus, Atj = jj a - ?j b = 2.25 - 1 .75 = 0.5 

The polymer powder obtained after the completion of the second polymerization operation was found to 
45 contain 18.2 wt% of ethylene (measured by infrared absorption spectrometry). 

For the measurement of isotactic index (II), the powdery polymer obtained in the above-mentioned step 
was extracted with boiling n-heptane for 10 hours. The II is expressed in terms of percentage of the 
residues remaining undissolved (on dry basis). 

The thus obtained powdery polymer was mixed with 0.15 wt% of 2,6-di-t-butyl-p-cresol. 0.05 wt% of 
so antioxidant ("Irganox®" made by Ciba-Geigy Corp.), and 0.05 wt% of calcium stearate. The mixture was 
pelletized after uniform mixing. The pellets were found to have a melt index of 4.0 g/10 min. 

The pellets in combination with PP were made into a 600-um thick sheet for biaxial stretching by two- 
layer coextrusion. For the first layer, the pellets were fed to an extruder with 20 mm0 diameter, and for the 
second layer, capacitor-grade PP having an Ml of 1.5 g/10 min ("Noblen® F0-100" made by Mitsui Toatsu 
55 Chemicals, Inc.) was fed to an extruder with 20 mm0 diameter. The extrudates were combined in a 
lamination die so that the ratio of the thickness of the first layer to the thickness of the second layer was 
1:9. 
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in the weight ratio of 1/20 to 1/4, said propylene-ethylene copolymer composition comprising (a) 10 to 
25 parts by weight of a first propylene-ethylene copolymer containing 90 wt% or more of ethylene or 
an ethylene homopolymer and (b) 75 to 90 parts by weight of a second propylene-ethylene copolymer 
containing 0.5 to 2.5 wt% of ethylene, the first copolymer having an intrinsic viscosity of »j a and the 
second copolymer having an intrinsic viscosity of ij b , said intrinsic viscosities being defined by »j a - i* b 
= -0.2 to +1.2dl/g. 

2. A process for producing a stretched laminate film for insulating oil-impregnated capacitor which 
comprises polymerizing a mixture of propylene and ethylene or ethylene alone to give a first 
propylene-ethylene copolymer (a) containing 90 wt% or more of ethylene or an ethylene homopolymer 
by using a stereoregular catalyst so that the copolymer (a) or the homopolymer accounts for 10 to 25 
parts by weight in the final polymer composition, and then copolymerizing propylene and ethylene to 
give a second propylene-ethylene copolymer (b) containing 0.5 to 2.5 wt% of ethylene so that the 
copolymer (b) accounts for 75 to 90 parts by weight in the final copolymer composition, the first 
copolymer or homopolymer having an intrinsic viscosity of y a and the second copolymer having an 
intrinsic viscosity of ij b , said intrinsic viscosities being defined by n B - Vb = -0.2 to +1.2 dl/g, 
coextruding the propylene-ethylene copolymer composition thus obtained and a capacitor-grade poly- 
propylene in the weight ratio of 1/120 to 1/4 and stretching the coextruded laminate sheet. 

PatentansprUche 

1- Verstreckte Laminatfolie fOr IsolierSI-impragnierte Kondensatoren, zusammengesetzt aus mindestens 
einer Schicht einer Propylen-Ethylen-Copolymerzusammensetzung und einer Schicht eines Polypropy- 
lens von Kondensatorqualita't im Gewichtsverhaltnis von 1/20 bis 1/4, wobei die Propylen-Ethylen- 
Copolymerzusammensetzung (a) 10 bis 25 Gewichtsteile eines ersten Propylen-Ethylen-Copolymers, 
enthaltend 90 Gew.-% oder mehr Ethylen, Oder eines Ethylenhomopolymers und (b) 75 bis 90 
Gewichtsteile eines zweiten Propylen-Ethylen-Copolymers, enthaltend 0,5 bis 2,5 Gew.-% Ethylen, 
umfaBt, das erste' Copolymer eine intrinsische Viskositat Va und das zweite Copolymer eine intrinsische 
Viskositat ij b aufweist und die intrinsischen Viskositaten durch * 8 - i, b = -0,2 bis +1,2 dl/g festgelegt 
sind. 

2. Verfahren zur Herstellung einer verstreckten Laminatfolie fUr Isolierol-impragnierte Kondensatoren, 
umfassend Polymerisieren eines Gemisches aus Propylen und Ethylen oder Ethylen allein zu einem 
ersten Propylen-Ethylen-Copolymer (a), enthaltend 90 Gew.-% oder mehr Ethylen, oder einem Ethylen- 
homopolymer unter Verwendung eines stereoregularen Katalysators, so da8 das Copolymer (a) oder 
das Homopolymer 10 bis 25 Gewichtsteile der fertigen Polymerzusammensetzung ausmacht und 
anschlieBend Copolymerisieren von Propylen und Ethylen zu einem zweiten Propylen-Ethylen-Copoly- 
mer (b), enthaltend 0,5 bis 2,5 Gew.-% Ethylen, so daB das Copolymer (b) 75 bis 90 Gewichtsteile der 
fertigen Copolymerzusammensetzung ausmacht, wobei das erste Copolymer oder Homopolymer eine 
intrinsischen Viskositat j> 8 aufweist und das zweite Copolymer eine intrineischen Viskositat i> b aufweist, 
und die intrinsischen Viskositaten durch 7> a - ij b = -0,2 bis +1,2 dl/g festgelegt sind, Coextrudieren der 
erhaltenen Propylen-Ethylen-Copolymerzusammensetzung und eines Polypropylens von Kondensator- 
qualitat im Gewichtsverhaltnis von 1/20 bis 1/4 und Verstrecken der coextrudierten Laminatfolie. 

Revendlcations 

1. Film stratifie" etire pour I'isolation d'un condensateur impregne d'huile, qui est compose d'au moins une 
couche d'une composition de copolymers propylene-ethylene et d'une couche de polypropylene de 
qualite pour condensateur dans le rapport molaire de 1/20 a 1/4, ladite composition de copolymers 
propylene-ethylene comprenant (a) 10 a 25 parties en poids d'un premier copolymer propylene- 
ethylene contenant 90 % en poids ou plus d'ethylene ou d'un homopolymere d'ethylene et (b) 75 a 90 
parties en poids d'un second copolymer propylene-ethylene contenant 0,5 a 2,5 % en poids 
d'ethylene, le premier copolymer ayant une viscosite intrinseque ij a et le second copolymer une 
viscosite intrinseque 7r b , lesdites viscosites intrinseques etant denies par i> a -i, b = -0,2 a + 1,2 dl/g. 

2. Procede pour produire un film stratifie etire pour I'isolation d'un condensateur impregne d'huile, qui 
comprend la polymerisation d'un melange de propylene et d'ethylene ou d'ethylene seul pour donner 
un premier copolymer propylene-ethylene (a) contenant 90 % en poids ou plus d'ethylene ou un 
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homopolymere d'6thylene en utilisant un catalyseur st^r^or^gulier, de sorte que le copolymere (a) ou 
Phomopolymere represents 10 k 25 % parties en poids dans la composition de polymeres finale et 
ensuite la copolymensation de propylene et d'&hylene pour donner un second copolymere propylene- 
ethylene (b) contenant 0,5 a 2,5 % en poids d'ethylene, de sorte que le polymere (b) represente 75 a 
90 parties en poids dans la composition de copolymeres finale, le premier copolymere ou homopoly- 
mere ayant une viscosite intrinseque q a et le second copolymere une viscosite intrinseque lesdites 
viscoses intrinseques £tant d<§finies par i, a - , b = -0,2 h +1,2 dl/g, la coextrusion de la composition 
de copolymeres propylene-ethylene ainsi obtenue et d'un polypropylene de qualite pour condensateur 
dans le rapport pondeVal de 1/20 & 1/4 et I'Stirage de ia feuille stratifiee coextrudee. 
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